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ABSTRACT
To probe the magnetic activity levels of asymptotic giant branch (AGB) stars, we used XMM-Newton to search
for X-ray emission from two well-studied objects, TX Cam and T Cas. The former star displays polarized maser
emission, indicating magnetic field strengths of B  5 G, and the latter is one of the nearest known AGB stars.
Neither star was detected by XMM-Newton. We use the upper limits on EPIC (CCD detector) count rates to
constrain the X-ray luminosities of these stars and derive LX < 10
31 ergs s1 (<1030 ergs s1) for an assumed
X-ray emission temperature TX ¼ 3106 K (107 K). These limits represent P10% (P1%) of the X-ray lumi-
nosity expected under models in which AGB magnetic fields are global and potentially play an important role in
collimating and/or launching AGB winds. We suggest, instead, that the B field strengths inferred from maser
observations are representative of localized magnetic clouds.
Subject headings: stars: AGB and post-AGB — stars: magnetic fields — stars: mass loss —
stars: winds, outflows — X-rays: ISM
1. INTRODUCTION
There has been considerable recent debate over the potential
role of magnetic fields in launching and/or shaping winds
from asymptotic giant branch (AGB) stars (Soker & Kastner
2003 and references therein). Of special interest are detections
of maser polarization around some AGB stars, which indicate
the presence of relatively strong magnetic fields (e.g., Zijlstra
et al. 1989; Kemball & Diamond 1997; Miranda et al. 2001;
Vlemmings et al. 2002; Bains 2004). SiO maser polarization
measurements are particularly important in this regard, as
these observations probe the important transition region be-
tween the AGB stellar photosphere and the wind. Based on
high-resolution polarization maps of SiO masers, Kemball &
Diamond (1997) deduce a magnetic field of B ’ 5 10 G at a
radius of 3.5R around the AGB star TX Cam, a Mira var-
iable. Here R is the stellar radius, which we take to be 2 AU
(see discussion in Kemball & Diamond 1997). With a de-
pendence on radius of B / r2 (Vlemmings et al. 2002), this
suggests a stellar-surface magnetic field of B ’ 50 100 G.
Miranda et al. (2001) find polarization in the 1665 MHz OH
maser line, which indicates the presence of 103 G magnetic
fields at 1016 cm from the central star of the young planetary
nebula (PN) K 3-35.
Miranda et al. (2001) claim that their results favor magnetic
collimation models of outflows in PNs. The results for TX
Cam, which will presumably undergo a PN phase, could be
similarly interpreted to suggest that such magnetic collimation
begins well before ionization of the circumstellar envelope.
Indeed, in summarizing water maser polarization measure-
ments for several giants, Vlemmings et al. (2002) conclude
that magnetic fields are strong enough to drive and shape
winds from AGB stars.
However, these observations of polarized maser emission
also could indicate the presence of localized, highly magnetized
wind clumps, analogous to magnetic clouds in the solar wind
(Soker & Kastner 2003), rather than large-magnitude global
magnetic-field strength (Soker 2002, 2003; Soker & Kastner
2003; Soker & Zoabi 2002). In that respect, we note the recent
results of Murakawa et al. (2003), who find that the H2O maser
clouds around the red supergiant VX Sgr are 300 times
denser than the surrounding wind. On the theoretical side,
based on a dynamo model for the cool supergiant Betelgeuse,
Dorch (2003) finds that the magnetic structure has a typical
scale of 0:15R, smaller than the giant convection cells.
Soker & Zoabi (2002) summarize possible problems in
models in which the magnetic field plays a dynamical role in
shaping the AGB wind. Among others, they consider the
X-ray luminosity (LX). They argue that, as in the Sun, globally
strong magnetic fields will violently reconnect, generating
flares that lead to strong X-ray emission. Such a close coupling
between stellar magnetic flux and X-ray luminosity has been
demonstrated to extend over 12–13 orders of magnitude in LX
(Pevtsov et al. 2003). Soker & Zoabi find that for Bk1 G on
AGB stars, the expected X-ray luminosity is k104 times
stronger than that of the Sun, if the reconnection rate per unit
surface area is similar. Likewise, if the X-ray luminosity is
proportional to the optical luminosity, the same scaling factor
(from solar to AGB X-ray luminosity) holds.
One might even expect that AGB star X-ray surface fluxes
are disproportionately larger than solar. This expectation is
based on the fact that for the Sun—where the mass-loss rate is
governed by magnetic activity—the average X-ray luminosity
is of the same order of magnitude as the rate of kinetic energy
carried by the wind. The X-ray luminosity in the soft X-ray
band (that of the ROSAT Position Sensitive Proportional
Counter [PSPC], i.e., 0.1–2.4 keV) is in the range3 1026 to
5 1027 ergs s1 at solar minimum and maximum, respec-
tively (Peres et al. 2000). The solar wind’s kinetic energy falls
between these values. If this is the case for AGB stars, as pro-
posed in the dynamic-magnetic models, then the X-ray
luminosity should be a factor of 106 108 stronger than in
the Sun (Soker & Zoabi 2002). Soker & Zoabi (2002) con-
clude that this expectation, of LX  1031 1035 ergs s1, is in
sharp contradiction with most ROSAT observations; these
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observations demonstrate that the X-ray luminosities of red
giant stars typically are only marginally larger than the solar
X-ray luminosity (Schröder et al. 1998) and that LX likely
further decreases in late giant evolution (Hünsch & Schröder
1996). On the other hand, some red giants are known to be
relatively luminous in X-rays (i.e., LX  1030 ergs s1; e.g.,
Hünsch & Schröder 1996; Hünsch 2001).
In Soker & Kastner (2003), we discuss flares on AGB stars
from locally, rather than globally strong fields. Such fields
should result in much weaker X-ray emission (Soker & Zoabi
2002; Pevtsov et al. 2003). It is possible that such weak coronal
X-ray emission from heavily obscured, mass-losing AGB stars
has escaped detection thus far, due to ROSAT’s lack of hard
X-ray sensitivity and the large distances to these short-lived,
luminous stars. Indeed, Mira itself is a weak ROSAT X-ray
source (LX  21029 ergs s1; Karovska et al. 1996; Soker &
Kastner 2003), although the origin of its X-ray emission is
uncertain, given the presence of a close companion.
In an attempt to further constrain models for magnetic fields
in AGB stars, we are conducting observations of selected AGB
stars with the XMM-Newton X-ray observatory, which features
sensitivity and energy coverage far superior to that of ROSAT.
In this paper we report on and discuss results from XMM-
Newton observations of the polarized maser source TX Cam
and the nearby AGB star T Cas. Like TX Cam, T Cas is a rel-
atively strong SiO maser source (Herpin et al. 1998), although
we are unaware of measurements of the polarization of its
maser emission or high-resolution imaging of its maser spots.
2. OBSERVATIONS AND RESULTS
We observed the TX Cam and T Cas fields with XMM-
Newton on 2003 September 4 and February 6, respectively.
The observatory’s three coaligned telescopes provide imaging
in the 0:1 15 keV energy range, with a field of view of 250
and a 50% encircled energy diameter of 1500. The instrument
of interest for these observations was EPIC, with its three
photon-counting CCD detector systems (pn, MOS 1, and
MOS 2). The spectral resolution of these CCD systems ranges
from 50 to 150 eV over the energy range of interest
(0:1 10 keV). The thick filter was used for all three detectors
to suppress detection of visible-light photons from these op-
tically bright targets. Total EPIC integration times, broken
down by detector, are listed in Table 1.
The 0.2–10 keV background count rate for each observation
with a given detector (pn, MOS 1, or MOS 2) was obtained
from the total number of counts within an annulus centered on
the stellar position, where the annulus extends from 3500 to 7000
in radius. These measured background count rates (Table 1) are
consistent with those expected from the internal ‘‘quiescent’’
EPIC background combined with small contributions from
external background sources (see the XMM-Newton Users’
Handbook).3
The count rates within 1800 radius, circular source-extraction
regions centered on the stellar positions were found to be
consistent with the surrounding background rates. We con-
clude that no X-ray sources were detected above background
at the optical positions of TX Cam and T Cas in these
observations. We then obtain 3  upper limits on the 0.2–
10 keV count rate for each source from the count-rate var-
iances within the source-extraction regions, based on Poisson
counting statistics (Table 1).
While no X-ray source was detected at the position of either
AGB star, these observations did yield the first-time detection
of 12 and 40 X-ray sources in the TX Cam and T Cas
fields, respectively. The identification of these sources, most
of which have no cataloged optical or infrared counterparts,
will be the subject of a future paper.
2.1. Upper Limits on LX for TX Cam and T Cas
To derive upper limits on LX from the EPIC count rate
upper limits in Table 1, we used the XSPEC4 software to
compute intrinsic (unabsorbed) source fluxes for a grid of rep-
resentative TX, NH values. We assumed a standard Raymond-
Smith plasma-emission model (Raymond & Smith 1977) with
intervening absorption defined by the XSPEC wabs function
(Morrison & McCammon 1983) and used EPIC spectral re-
sponse matrices calculated for the specific source-extraction
regions.
The models were constrained to reproduce the observed
merged MOS 1 and MOS 2 upper limit of 2.5 ks1 for TX
Cam; the pn count rate upper limit is less useful because of the
limited exposure time for the TX Cam observation. Resulting
TABLE 1









pn......................................... 6.929 2.7 102 <7.5
MOS 1................................. 13.468 3.9 103 <3.5
MOS 2................................. 13.488 3.0 103 <3.6
T Cas
pn......................................... 10.440 1.5 102 <5.0
MOS 1................................. 13.134 3.6 103 <3.3
MOS 2................................. 13.140 3.7 103 <3.3
a Background count rate (0.2–10 keV) obtained within an annulus extending from 3500 to 7000 in radius,
centered on stellar position (see text).
b Upper limit on count rate (3 ) in energy range 0.2–10 keV, obtained by counting events within a
circular, 1800 radius spatial region centered on stellar position (see text).
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upper limits on intrinsic source X-ray flux, FX, are displayed
in Figure 1. To calculate upper limits for LX from FX, we
take the distance to TX Cam to be 320 pc (Patel et al. 1992).
The limiting values for FX and LX in Figure 1 are based on
3  upper limits on the count rate and therefore would be-
come somewhat more stringent if we relax the nondetection
threshold.
For T Cas, the EPIC upper limits are marginally smaller
because of the additional pn integration time, and Figure 1 can
be taken to represent somewhat more conservative upper
limits on FX from our XMM-Newton data for this star. Note
that T Cas may be only half as distant as TX Cam (previous
estimates range from 160 to 280 pc; Loup et al. 1993), in
which case the upper limits on LX implied by our nondetection
would be considerably more stringent than the results for TX
Cam in Figure 1.
3. DISCUSSION
3.1. Predicted X-Ray Luminosity of TX Cam
The X-ray luminosity due to magnetic activity associated
with an AGB star can be predicted in a variety of ways, by
analogy with the Sun. First, we can predict LX from the kinetic
energy carried by the wind of the star, Ėw, assuming the
magnetic field is dynamically important (Soker & Zoabi 2002);
in the case of the Sun, LX  Ėw. The wind speed of TX Cam
is vw  10 km s1, and its mass-loss rate is 106 M
yr1 (where the former quantity is obtained directly from its
millimeter-wave CO width and the latter is obtained from a
model of the CO line intensity and profile; Knapp & Morris
1985), suggesting LX ’ Ėw ’ 3 1031 ergs s1.
For TX Cam, we can also predict LX from the rate of mag-
netic energy carried by the wind, ĖB ’ 4r2vw(B2=8), by
applying a scale factor between ĖB and LX that is obtained from
the Sun. For the canonical solar surface magnetic field value of
B ’ 1 G and wind speed of v ’ 500 km s1, we find ĖB ’
1029 ergs s1, which is 100 times the X-ray luminosity of
the Sun. From the magnetic field strength inferred from maser
polarization measurements of TX Cam, B ’ 5 G at r ’ 7
1013 cm (Kemball & Diamond 1997), we find ĖB ’ 6
1034 ergs s1, if this field is carried outward at v  10 km s1
(this is an oversimplification, as the kinematics of the maser
spots is quite complicated; Diamond & Kemball 2001, 2003).
Applying the solar scale factor between the rate of magnetic
energy loss and LX to TX Cam, we then predict LX  5
1032 ergs s1, under the assumptions that the TX Cam mag-
netic field is global and carried by the AGB wind.
Both of these estimates, in turn, are similar to what one
would predict based on the relationship between average
(global) solar magnetic flux and solar LX (Pevtsov et al. 2003)
and then scaling LX up according to the magnetic flux of TX
Cam, assuming a global magnetic field of B ’ 5 G at r ’
1000 R.
We therefore estimate that the expected X-ray luminosity of
TX Cam is in the range LX  3 1031 5 1032 ergs s1, for
a globally and/or dynamically important stellar magnetic field
that is of the magnitude measured from SiO maser polariza-
tion. Similar arguments should pertain to T Cas, although
estimates of B are unavailable for this star because of the lack
of SiO polarization measurements.
3.2. X-Ray Absorption by AGB Winds
Given its mass-loss rate of Ṁ ’ 1:1 106 M yr1
(Knapp & Morris 1985), the wind of TX Cam could have a
large column density. Integrating along the line of sight down
to a radius of RX and assuming the wind is expanding with
constant speed of vw  10 km s1 and mass-loss rate of
Ṁ ’ 106 M yr1, the total (ionized and neutral) H column
density would be










Here RX is the radius where the X-ray emission by magnetic
activity takes place. For such a large column density, the
optical depth is  100 at 0.5 keV (50 at 1 keV), assuming a
wind opacity similar to that of the interstellar medium (ISM;
see Draine & Tan 2003). The mass-loss rate of T Cas is
3 107 M yr1, and its wind speed is vw  6 km s1
(Loup et al. 1993), yielding a similar estimate for NH from
equation (1) (assuming an RX similar to that of TX Cam).
If equation (1) holds, we would not obtain meaningful
upper limits on LX from our nondetections of TX Cam and
T Cas with XMM-Newton (Fig. 1). There is reason to suspect,
however, that equation (1) substantially overestimates NH. If
NH  1023 cm2 and the ISM relationship between NH and AV
(e.g., Draine & Tan 2003) applies here, equation (1) would
suggest AV  60. Yet both stars are moderately bright in the
visual. For TX Cam (spectral type M8.5), V varies between
16.2 and 11.6 (with a 557 day period; Kukarkin et al.
1971). We then obtain a firm upper limit of AV < 9 by noting
that V  K < 16 for TX Cam, whereas V  K > 7 for very
late-type M giants (Johnson 1966). Applying the same method
to T Cas (M7e), which displays V of between 12.4 and 7.3
(Kukarkin et al. 1971) and V  K < 13, we find AV < 6. We
conclude that NH < 10
22 cm2 for both stars, with NH toward
T Cas somewhat smaller than toward TX Cam.
The discrepancy between this optically derived upper limit
for NH and the estimate obtained via equation (1) likely
reflects the fact that equation (1) relies on the assumption of
spherically symmetric mass loss at a constant rate. In fact, the
Fig. 1.—Upper limits on intrinsic X-ray fluxes (left) and source luminos-
ities (right) imposed by the 3  upper limits on the EPIC count rate observed
for TX Cam for Raymond-Smith coronal plasma models calculated over a
range of assumed values of plasma temperature (TX) and intervening ab-
sorbing column (NH).
KASTNER & SOKER980 Vol. 608
combination of relatively bright CO radio line emission and
moderate AV suggests that either (1) these stars are losing
mass primarily along their equatorial planes and are observed
toward relatively high latitudes along our line of sight or (2)
the relatively intense mass loss that resulted in their expanding
molecular envelopes occurred in short-lived episodes (as has
been observed in the case of many other AGB stars).
Furthermore, there is reason to expect that NH may be
somewhat smaller than either of the above estimates suggest.
If magnetic fields indeed shape the wind, we expect that some
X-radiation will escape along directions of lower density and/
or lower opacity. Several different models for nonspherical
mass loss invoke magnetic fields (e.g., Pascoli 1997; Matt et al.
2000; Garcı́a-Segura & López 2000; Blackman et al. 2001),
such that we might expect enhanced magnetic activity in
regions of lower density. In addition, the hot coronal gas
formed by the magnetic activity above active regions could
have much reduced opacity because many species will be
highly ionized, thus reducing the photoelectric absorption.
Finally, if the dust-to-gas ratios in the TX Cam and T Cas
envelopes are significantly larger than the ‘‘canonical’’ ISM
value of 0.01, the effective loss of metals from the gas phase
likely would further reduce NH (Wilms et al. 2000).
3.3. What is TX for TX Cam (and T Cas)?
If NHk 1022 cm2 and AGB magnetic reconnection events
yield circumstellar plasma conditions similar to those of the
solar corona (TX  2106 K; e.g., Pevtsov et al. 2003), then
much of the resulting (soft) X-ray emission could be attenu-
ated by the AGB envelopes and our nondetections would have
less significance (Fig. 1). However, while the correlation be-
tween magnetic flux and LX is quite robust (Pevtsov et al.
2003), the relationship (if any) between stellar magnetic fields
and the temperature of X-ray emission has yet to be estab-
lished. For stars of spectral type F and later, it appears that
X-ray emission softens monotonically with stellar age from
pre–main-sequence (T Tauri) through main-sequence stages
(Kastner et al. 2003 and references therein). But this X-ray
spectral evolution may be due to decreasing pre–main-
sequence disk-accretion rates and/or circumstellar NH or to
changing plasma abundance anomalies; in any event, there is
no reason to expect that the trend should continue into post–
main-sequence evolution. Indeed, AGB star magnetic activity
may have more in common with T Tauri star activity than with
main-sequence activity, in which case we might expect rela-
tively hard X-ray emission and intense flaring (Feigelson et al.
2002). In this regard it is intriguing that Mira displays
TX 107 K (Soker & Kastner 2003), i.e., hotter than the solar
corona (although this emission may originate from Mira’s
nearby companion; Karovska et al. 1996).
4. CONCLUSIONS
Given the above considerations, we tentatively place upper
limits of LX <10
31 ergs s1 on the X-ray luminosities of TX
Cam and T Cas (Fig. 1). If the X-ray emission due to magnetic
activity is relatively hard, then the upper limits become far
more stringent: e.g., LX <10
30 ergs s1 for TX ¼ 107 K and
NH <10
22 cm2.
In light of the large uncertainties, these results do not rule
out the claim that magnetic fields shape the winds from AGB
stars. However, it seems that the nondetection of TX Cam, in
particular, strongly constrains such models. Given the evi-
dence for relatively strong magnetic fields around this star and
the tight coupling between stellar magnetic flux and LX (e.g.,
Pevtsov et al. 2003), the upper limit on TX Cam’s X-ray
luminosity indicates that the magnetic field behavior is much
quieter and/or that its active regions are far less widespread
than on the Sun. Yet AGB stars, like TX Cam, have very
strong convective envelopes, pulsate strongly, and lose mass
at high rates. We expect that all these characteristics should
lead to a much more chaotic magnetic field structure than on
the Sun, with more violent reconnection and liberation of
magnetic energy (Soker & Kastner 2003).
Our conclusion—although not firm, due largely to lingering
uncertainties in TX and NH—is that TX Cam and T Cas are not
strong X-ray sources, and hence their average magnetic fields
are much weaker than would be required to collimate and/or
drive their AGB winds. Instead, the magnetic field must be
concentrated in small regions, some of which give rise to the
polarized maser emission from TX Cam (Soker & Kastner
2003). Note that some magnetic activity, accompanied by
much weaker X-ray luminosity than that expected for a global
magnetic field, is still expected in our local field model (Soker
& Kastner 2003).
Clearly more work on both the theoretical and observational
aspects of AGB star magnetic fields is needed. High-resolution
polarization mapping of SiO emission from T Cas and other
relatively nearby bright maser sources is called for, as are
additional, sensitive X-ray observations of AGB stars with
moderate B fields, as inferred from maser polarization and
other methods. We also suggest more attention be paid to
post–main-sequence magnetic activity models in which the
fields are local and have no global dynamical role.
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